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MODELING PROCESS FOR INTEGRATED CIRCUIT FILM RESISTORS 

FIELD OF INVENTION 

The present invention relates generally to semiconductor devices and 
5 more particularly to methods for modeling integrated circuit bar-shaped film 
resistors to account for self-heating. 



BACKGROUND OF THE INVENTION 

Thin film resistors are utilized in electronic circuits in many diverse 

10 technological applications. The resistors may be part of an individual device, or 
may be part of a complex hybrid circuit or integrated circuit. Some specific 
examples of thin film resistors in integrated circuits are the resistive ladder 
network in an analog to-digital converter, and current limiting and load resistors in 
emitter follower amplifiers. 

15 Film resistors can comprise a variety of materials including polysilicon, 

tantalum nitride (TaN), silicon chromium (SiCr), and nickel chromium (NiCr), as 
well as other metals. These resistor materials are generally evaporated, 
sputtered, or CVD deposited onto a substrate wafer at a metal interconnect level 
and subsequently patterned and etched. The thin film resistors require an 

20 electrical connection to be made to them. Thus, two mask layers are required 
typically for fabrication: one to form the resistor film itself and the other to form 
the resistor "heads" or contact points of the resistor. Connection is then made 
typically from an overlying metal interconnect layer to the resistor heads. 

High precision analog circuits rely heavily on the performance of passive 

25 circuit components such as resistors and capacitors. Consequently, it is 

advantageous to provide an accurate description of such components for their 
simulation in circuit simulation tools such as SPICE. 

30 



TI-36776 



1 



SUMMARY OF THE INVENTION 

The following presents a simplified summary in order to provide a basic 
understanding of one or more aspects of the invention. This summary is not an 
extensive overview of the invention, and is neither intended to identify key or 
5 critical elements of the invention, nor to delineate the scope thereof. Rather, the 
primary purpose of the summary is to present some concepts of the invention in 
a simplified form as a prelude to the more detailed description that is presented 
later. The invention provides a method for modeling bar-shaped thin film 
resistors accurately by accounting for resistance variations due to self-heating. 

10 In accordance with one aspect of the present invention, a method of 

developing a resistance model of a bar-shaped thin film resistor (e.g., metal or 
polysilicon) is disclosed, wherein the model takes into account the impact of self- 
heating on the resistance of the structure. The method comprises designing and 
fabricating a plurality of thin film resistor test structures, wherein in one example 

1 5 the test resistors differ from one another in size. The test resistors are then 
characterized by measuring, for example, a width reduction parameter, a sheet 
resistance and a head resistivity associated therewith. The method further 
comprises measuring a temperature coefficient of the body and head portions of 
the resistor test structures. Lastly, a thermal resistance of the test structures is 

20 determined, wherein the thermal resistance characterizes the impact of self- 
heating to the resistance of the thin film resistor test structures. The collected 
data is then employed to generate a thin film resistor model. 

In accordance with another aspect of the invention, the thermal resistance 
of the thin film structures is determined by measuring a voltage coefficient of the 

25 resistors. For example, the voltage coefficient is measured by varying an applied 
voltage across the test structures and measuring a change in resistance in 
response thereto. The portion of the voltage coefficient associated with the body 
of the thin film resistor structures is then distilled from the total voltage coefficient 
and used to determine fit parameters that characterize the thermal resistance 

30 thereof. In one example, an initial thermal resistance is assumed based on the 
thin film resistor geometry of the test structures, and a voltage coefficient of the 
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body is based thereon (e.g., by calculating a voltage coefficient of the head and 
subtracting such value from the total voltage coefficient). 

The body voltage coefficient data for the various, differently sized test 
structures is then analyzed and fit parameters are determined based on the data, 
5 wherein the fit parameters are then employed to calculate the actual thermal 
resistance. The process of calculating voltage coefficients using the new thermal 
resistance, determining new fit parameters, and calculating a new thermal 
resistance may be iterated one or more times, as may be desired. The resultant 
thermal resistance then serves as a parameters that may be employed within a 
10 thin film resistor model, and such model accounts for changes in resistance due 
to self-heating. 

The following description and annexed drawings set forth in detail certain 
illustrative aspects and implementations of the invention. These are indicative of 
but a few of the various ways in which the principles of the invention may be 
15 employed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a graph illustrating thermal resistance plotted numerically and via 
fit parameter approximations for bar-shaped thin film resistors of varying 
20 geometry; 

Fig. 2 is a graph illustrating calculated thermal resistance based on 
various approximations versus the thermal resistance calculated numerically for 
bar-shaped thin film resistors or varying geometry; 

Fig. 3 is a flow chart illustrating a method of generating a thin film resistor 
25 model accounting for thermal resistance in accordance with the present 
invention; 

Fig. 4 is a sectional cross section view of a bar-shaped thin film resistor 
according to one aspect of the present invention; 

Fig. 5 is a top plan view illustrating a portion of a test die containing a 
30 plurality of differing bar-shaped thin film resistor types of varying dimension 
according to another aspect of the present invention; 
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Fig. 6 is a flow chart illustrating a method of obtaining voltage coefficient 
data for use in characterizing thermal resistance of the thin film resistors of Fig. 
5; and 

Fig. 7 is a flow chart illustrating a method of obtaining fit parameters for 
5 characterizing thermal resistance from the voltage coefficient data according to 
the present invention. 



DETAILED DESCRIPTION OF THE INVENTION 

10 One or more implementations of the present invention will now be 

described with reference to the attached drawings, wherein like reference 
numerals are used to refer to like elements throughout. The invention relates to 
a method of developing a bar-shaped thin film resistor model that accounts for 
self-heating thereof. 

15 As is generally known, the resistance of a resistor element may change in 

value based on the ambient temperature in which the resistor element resides. 
This characteristic of the resistor is often called the temperature coefficient of the 
element and is commonly reflected in models thereof for simulating the behavior 
of such elements in circuits over temperature. The resistance of such an 

20 element, however, may also vary due to other circuit characteristics, for example, 
due to stress placed on the resistor element. One common type of stress placed 
on a thin film type resistor is due to the self-heating of the resistor element when 
a voltage is applied thereacross, causing a current to conduct therethrough. This 
type of stress results in self-heating that impacts the resistance of the element 

25 itself, however, the parametric change due to such conditions is not presently 
accounted for in device models. Although only speculative, the inventors believe 
that failure to model this condition is likely due to belief that characterization of 
this behavior is difficult due to such behavior being a function of thin film resistor 
geometry as well as the surrounding environment of the device. 

30 Self-heating is believed by the inventors of the present invention to be a 

significant cause for non-ohmic behavior in thin film resistors within 
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semiconductor integrated circuits. Typically, power is dissipated by the resistor 
and transferred to the heat sink, which in such cases is the semiconductor 
substrate. Since the thermal coupling of the resistor to the heat sink is finite 
(particularly when the thin film resistor often reside over a modestly thermally 
5 insulative oxide or nitride layer (that is also electrically insulative)), the thin film 
resistor will heat up and change in resistance value according to its thermal 
resistance. 

The temperature distribution associated with a thin film resistor may be 
described through the heat conduction equation: 

10 

A(T) = -p/A, (equation (1)) 

wherein A is the Laplace operator, T is the temperature distribution, p is the 
power density distribution, and A is the thermal conductivity distribution. The 
15 Laplace operator is linear, and since p is approximately constant and nonzero 
within the resistor where T is assumed to be constant, one can integrate and 
rewrite equation (1 ) as: 

P = AT/r th , (equation (2)) 

20 

wherein P is the total power dissipated in the resistor, AT is the temperature 
difference between the resistor and the heat sink, and r th is the proportionality 
factor, and is referred to as the thermal resistance. Thus AT reflects the self- 
heating of the thin film resistor due to the applied power, and the thermal 
25 resistance r t h is a parameter that describes how much the thin film resistor will 
heat up (i.e., r t h is a parameter that characterizes the self-heating of the thin film 
resistor). 

From equation (2), the voltage coefficient of the body portion of the thin 
film resistor can be calculated: 

30 

ARb/Rb = AT(TcR b) = V 2 T CR _b(r m /Rb) = V 2 V C R_ b , (equation (3)) 
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and thus, 



VcR_b - TcR_b(lVRb), 



(equation (4)) 



5 



wherein Vcrj> and Tcrjd are the voltage and temperature coefficients of the body 
of the resistor, V is the voltage drop across the body of the resistor, R b is the total 
resistance of the resistor body and AR b is the absolute resistance change. In the 
model of the present invention, the quadratic component of the temperature 

10 coefficient of the thin film resistor is assumed to be negligible. Although such an 
assumption is not fully accurate for polysilicon type thin film resistors, because 
the self-heating temperature increase for poly resistors is reasonably small for 
typical applied voltages, a linear approximation for the temperature coefficient is 
considered reasonable. 

15 The inventors of the present invention therefore have appreciated that to 

accurately characterize the self-heating experienced by the thin film resistor 
device during operation, the thermal resistance r t h must be adequately 
characterized, and the method of the present invention accomplished such 
characterization. As stated above, the thermal resistance is a function of the 

20 resistor geometry as well as a function of the surrounding geometry; therefore 



wherein z is the thickness of the insulator under the bar-shaped thin film resistor 
25 (see, e.g., Fig. 4 at reference numeral 13), and L, W, and H are the length, width 
and height of the bar-shaped thin film resistor, respectively. 

To calculate r th , equation (1 ) is solved. In one approximation, equation (1 ) 
is rewritten by applying the Gaussian theorem to obtain: 

3p P = -A jn V Tdf, (equation (6)) 




r th = f(z, L, W, H), (equation (5)), 
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wherein -VT is the temperature gradient between the resistor and the heat sink, 
n is the vector normal, and the integral extends over the surface l~. If an 
assumption is made that the gradient between the resistor and the heatsink is 
constant, then AT/z is constant, and if the gradient from the top surface and 
5 peripheral surfaces is assumed to be negligible (i.e., all the heat travels 
downward from the bottom surface toward the heat sink), then equation (6) 
reduces to: 

P = ALW(ATVz). (equation (7)) 

10 

Thus, from equations (2) and (7), r t h can be determined: 



r th = zM(LW). (equation (8)) 



1 5 Note that equation (8) relies on the assumption that no heat escapes from the top 
or periphery of the thin film resistor element. If the sheet resistivity R S h of the thin 
film resistor material, and the resistance Rb of the body of the resistor is 
determined by R b = R S h(L/W), then the voltage coefficient of the resistor body 

V C Rj) is: 

20 

V CR _b = T C R_ b z/(/»RsL 2 ), (equation (9)), 

and thus VcR_b is proportional to 1/L 2 , and thus is independent of the width of the 
resistor in this approximation. Simulations using the above model by the 
25 inventors of the present invention have yielded conclusions that the temperature 
gradient from the top of the device is not zero, but rather is some fraction of the 
bottom gradient, and such variation can be accounted for with a fit parameter a 
as follows: 

P = /taLW(AT/z). (equation (10)) 

?? 
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For example, it was found that for a polysilicon film resistor overlying an oxide 
with a thickness z of about 0.4 micron, that the temperature gradient associated 
with the top of the resistor was about 25% that of the bottom, wherein a = 1 .25. 
The above approximation of equations (8) and (10) yields a relatively 
5 simple formula for characterizing the thermal resistance r t h, and is contemplated 
in one aspect of the present invention. Depending, however, on a need for 
accuracy, such a model may not be sufficient. The above approximation, for 
- example, assumes no periphery effect; that is, the model assumes that no heat is 
dissipated by the thin film resistor along the periphery thereof. Such an 

10 approximation may work for resistor geometries where W » H, however, as thin 
film resistors continue to get smaller, such an approximation may prove 
insufficient for a desired level of accuracy. Such an accuracy will become more 
relevant as circuit dimensions shrink. 

Accordingly, the inventors of the present invention contemplate a different 

1 5 approximation, wherein the temperature gradient on top of the device is assumed 

, fl to be zero, since the thermal mass of the substrate is so large, however, the 

peripheral gradients are not assumed to be zero. Rather, an assumption is made 
that the peripheral gradients are identical to the vertical gradient below the 
resistor between the component and the heat sink. In such an instance, the heat 

20 conduction equation, when applying the Gaussian theorem can be calculated as: 

P = /l(LW + 2H(L + W))AT/z. (equation 1 1 ) 
Therefore the thermal resistance is: 

25 

^ = z//i(LW + 2H(L + W)). (equation (12)) 
From equation (1 1 ), the voltage coefficient of the body can be calculated as: 
30 V CR _b = WT C R_ b z/[/iRs((W + 2H)L 2 + 2HWL)], (equation (13)) 
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and thus V C R_b is proportional to W/(W +2H)L 2 + 2HWL) . As can be seen in this 
second approximation or model, the voltage coefficient takes into account the 
width and height geometry of the film resistor as opposed primarily to the length 
as in the first approximation or model. 
5 After solving equation (1 ) numerically, it has been found by the inventors 

of the present invention that the 'gradient associated with the periphery of the 
resistor is not the same as that of the bottom, so the difference can be accounted 
for (or mitigated) using another fit parameter/? (a is again included to account for 
the top surface heat losses). In one example, for a polysilicon film resistor 

10 residing on an oxide layer of about 0.4 micron, the gradient on the resistor 

periphery was found to be about 80% of the gradient underneath, and thus in that 
case, the fit parameter p is about 0.8. Examples of how the fit parameters help 
account for variations caused by the assumptions made above are illustrated in 
Figs. 1 and 2. In Fig. 1, thermal resistance is plotted for polysilicon thin film 

15 resistors with a z = 0.4 micron, and an H = 0.3 micron, and a W = 5.0 microns 
and 1 .0 micron, respectively (and varying lengths (L)). Note that the thermal 
resistance value calculated numerically (from the Gaussian theorem) deviates 
slightly from the values that would be expected using the fit parameters, 
particularly for small lengths. 

20 As can be seen from the graph, thermal resistance decreases with both L 

and W, and this has to do with a better thermal coupling for larger resistors, since 
the heat can be transferred to the sink from a larger resistor surface. It can 
further be seen that for larger dimensions (e.g., L = 10 microns and W = 5.0 
microns), either of the approximations come close to the numerical solution that 

25 does not employ any fit parameters. For, narrower resistors, however, the first 
approximation exceeds the numerical solution, particularly if the length also 
becomes smaller. The second approximation is generally very close to the 
numerical solution, and only for very short, very narrow resistors is the error 
considerable. 

30 In addition, Fig. 2 is a graph that illustrates calculated thermal resistance 

for polysilicon thin film resistors based on the approximations above versus the 
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thermal resistance calculated numerically for resistors of varying dimension. 
Note that for approximations that use all three fit parameters, the agreement 
between the approximation and the numerical solution agrees considerably. 
After further measurements were taken by the inventors of the present 
5 invention, and such data was compared to that predicted by the above model, it 
was found that the data could be further accommodated by another fit parameter 
y that accounts for heat loss area through the heads of the resistor device. Thus 
the third fit parameter y is not a function of the geometry of the resistor. Thus, 
the above equation can further be approximated as: 

10 

P = A(aL\N + 2£H(L + W) + k)AT/z. (equation (14)) 
And thus, r t h is: 

15 rth = z/A(aL\N + 2£H(L + W) + y). (equation (1 5)) 

The above approximations each may be used as a model for thin film 
resistors in circuit simulation tools to account for self-heating of the resistor under 
normal device operational stresses (e.g., due to applied voltages). 

20 In accordance with the above, a method of generating a model for bar- 

shaped (or dog bone-shaped) thin film resistors (e.g., metal or polysilicon) for use 
in circuit simulation tools that account for self-heating is disclosed, and is 
illustrated in Fig. 3 at reference numeral 100. While the method 100 and other 
methods of the invention are illustrated and described below as a series of acts 

25 or events, it will be appreciated that the present invention is not limited by the 
illustrated ordering of such acts or events. For example, some acts may occur in 
different orders and/or concurrently with other acts or events apart from those 
illustrated and/or described herein, in accordance with the invention. In addition, 
not all illustrated steps may be required to implement a methodology in 

30 accordance with the present invention. The methods according to the present 
invention, moreover, may be implemented in association with the fabrication of 
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devices illustrated and described herein as well as in association with other 
devices and structures not illustrated. 

The method 100 starts at 102, wherein a plurality of thin film resistors are 
designed and fabricated as test structures. The film resistors are formed in a 
5 manner similar to that illustrated in Fig. 4, wherein a thin film resistor 10 is formed 
r over an insulating layer 12 having a known thickness 13 ("z") overlying a 

substrate 14. Contacts 16, 18 are made down to the resistor 10 at contact points 
20, 22 that are the heads. The resistor 10 is formed having differing dimensions, 
for example, differing lengths and widths, as illustrated in Fig. 5. In Fig. 5, a 

10 plurality of resistors 102 reside over an insulating layer 106 on a substrate 108. 
The resistors 102 may be of different types, for example, a polysilicon resistor 
1 10, a first metal type resistor 1 12, a second type metal resistor 114, etc. For 
each type resistor, multiple lengths (L) of a first thickness (W) are fabricated and 
such fabrication is repeated for varying widths, as illustrated. 

15 After fabrication at 102 of Fig. 3, the method 100 continues at 120, 

C] wherein physical and electrical measurements of the resistors are made. For 
example, the actual width of the resistors are made, and the actual width is 
compared to the design width, with the difference being calculated as dW. In the 
above manner, the method 100 accounts for the variation in actual dimension 

20 based on the fabrication process being employed. The sheet resistance (R S h or 
Rq) and head resistivity (R h ) for the test structures are further determined at 120 
to generate a first data set (DATA SET 1 ). 

Hereby the width reduction can be derived by extrapolating the widths of 
different resistors of equal lengths over their inverse resistance back to 1/R = 0. 

25 Note that throughout this discussion W always denotes the physical width, that is 

the width reduction parameter having already been taken into account. In the 
" next step, the sheet resistance (R S h) can be measured in any of multiple known 
manners. For head resistivity, the resistances of varying lengths and identical 
width (W) can be employed and the resistances extrapolated back to L=0, with 

30 the residual resistance being the head resistance. The actual head resistivity 
can then be calculated by multiplying this extrapolated head resistance by the 
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resistor width (W) and dividing the result by 2. This makes sense, since the 
actual head resistance will decrease for wider resistors where the actual head 
can be made physically wider. 

As can be expected, the collected data will differ for the differing resistor 
5 types, and thus multiple, separate first data sets are collected to that each 
resistor type will be characterized using its own unique first data set. 
Alternatively, if only one type of thin film resistor is intended to be employed 
within a given fabrication process, the above process may be employed for only 
a single thin film resistor type and such variations are contemplated by the 

10 present invention. 

The method 100 continues at 122, wherein the temperature coefficients of 
the resistors are measured. In accordance with one example, the temperature 
* coefficients reflect the change in resistance experienced by the thin film resistors 
due to a change in the external ambient temperature. For example, a cell phone 

15 having integrated circuits therein may be exposed to substantial variations in 

temperature based on where the phone is used, and the temperature coefficients 
may be used to reflect variations in temperature to ensure that such circuits 
operate properly over such temperature ranges. In one example, the 
temperature coefficients of the thin film resistor test structures are measured at 

20 122 by exposing the structures to differing ambient temperatures and measuring 
the resistance thereof across such temperatures. Such temperature coefficients 
can be taken for both the body of the resistors as well as the resistor heads by 
extrapolating the data for different lengths back to L=0 and evaluating the 
residual. Such temperature coefficient data is then collected and saved at 122 

25 as a second data set (DATA SET 2). 

The method 100 continues at 124, wherein the thermal resistance of the 
test structures is determined, using a model such as one of the three models 
discussed supra (126a-126c). For example, as set forth in equation (8), by using 
the first approximation, the thermal resistance is calculated based on the 

30 geometry of the element and the thickness of the oxide on which it resides, and 
such approximation is employed for model 1 (126a). Alternatively, equations (10) 
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or (12) can be employed using fit parameters in accordance with a second model 
1 26b. In yet another alternative, yet another fit parameter can be added to a 
model (e.g., in accordance with equation (15)) to determine the thermal 
resistance in accordance with a third model 126c. In any instance, the thermal 
5 resistance will be determined to some degree of accuracy and employed within a 
model for the thin film resistors. Previously, models did not account for thermal 
resistance, but the method 100 of the present invention advantageously does so. 
Consequently, the model will reflect changes in resistance due to self-heating 
thereof based on, for example, applied voltages during operation. Use of such a 

1 0 model will thus enable a designer to more accurately simulate actual circuit 
operation employing such thin film resistors. 

In one example, generating fit parameters in accordance with the models 
2 and 3 (126b, 126c) can be obtained in accordance with 150 of Fig. 6. Initially, 
the voltage coefficients are measured for the multiple resistors at 1 52. For 

15 example, the voltage coefficients are obtained by applying a varying voltage 

across the thin film resistor and measuring the resistance thereof as a function of 
the varying voltage. In one example, the voltage is varied from a -V to a +V with 
data points omitted on or near the 0V point to avoid anomalous results thereat, 
although other procedures may be employed and are contemplated by the 

20. present invention. This will result in a total voltage coefficient (Vcrj) that 

comprises two components, the voltage coefficient associated with the resistor 
body (V C R_b) and the voltage coefficient associated with the resistor heads 
(Vcrj). Since the inventors of the present invention ascertained that self-heating 
applies primarily to the resistor body, the voltage coefficient of the body is 

25 separated from the voltage coefficient of the heads at 1 54. In one example, the 
above distillation is accomplished by calculating the voltage coefficient of the 
heads via a formula and subtracting it from the total voltage coefficient (V C rj) to 
obtain the voltage coefficient of the body. The voltage coefficient of the body 
data is then used to determine the fit parameters at 156. The formula for 

30 ascertaining the voltage coefficient of the head is: 
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V CR _h = 2R h T C Rhrth/(Rto 2 W), (equation (16)) 

wherein R t0 is the total bar-shaped thin film resistor resistance without a voltage 
applied thereto. The voltage coefficient is found using an equation similar to 
5 equation (4): 

V C R_h = TcR_ h rth/R, (equation (17)) 

wherein 

R = R t0 2 /(2R h /W). (equation (1 8)) 

10 These equations are obtained by starting with: 

AR t = R sh (L/W)T CR _bAT + 2(R h /W)T CR _ h AT. (equation (19)) 

Plugging in AT = rth(V 2 /R t o) and dividing everything by R t o), one obtains: 

1 5 . ARt/ARto - Rsh(LA/V)T C R_b(rthV 2 /R t o 2 ) 

+ 2(R h /W)T CR _h(rthV 2 /Rto 2 ), (equation (20)) 

wherein the second portion of the equation (20) is associated with the resistor 
head. Equation (16), however, includes r t h that is at this time unknown (trying to 
20 be determined), so an iterative process 157 is employed, as illustrated, for 
example, in Fig. 7. 

Initially, an initial thermal resistance (r t h) is assumed based on the resistor 
geometry. For example, equations (8) or (12) may be employed as an initial r th 
value at 160, and a voltage coefficient of the head (VcrjO is calculated based on 
25 equation (16). This value is then subtracted from the total voltage coefficient 
(Vcrj) to obtain the voltage coefficient of the body (VcrjO at 162. This 
calculation is done for all resistor sizes (and, if desired, for each type of resistor) 
to obtain a V C R_b that is a function of resistor geometry (V C R_b = f(W, L)). 

Now that the voltage coefficient data associated with the body is known, 
30 the following formula (that is obtained in a manner similar to equation (13), by 
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multiplying equation (4) with equation (15) and renaming the coefficients in front 
of W and L, respectively) is assumed to hold: 

V CR _b = Wa p /((W + p p )L 2 + (W(3 P + k p )L). (equation (21 )) 

5 

Using the V C R_ b data obtained above, a curve-fitting is employed in which the 
parameters a p , p p , y 9 are varied until a best fit is reached. As criterion one can 
use the average relative difference of measured values from the formula. Other 
criteria or algorithms are conceivable like, for example, a least square algorithm. 
10 Using these parameters a, p, and y are extracted at 164 according to the 
formulas: 

a = TcR_bZ/A.a p Rsh (equation (22)) 

15 p = app/2H (equation (23)) 

Y = otKp (equation (24)) 

Note that a p , /? p and Kp are the fit parameters directly associated with the voltage 
20 coefficient data (equation (21 )), and equations (22)-(24) are employed so that the 
thermal resistance equation (15) is more readable. 

The thermal resistance is then recalculated at 166 using the extracted fit 
parameters according to equation (15) discussed supra. A query is then made at 
168 whether an iteration should be made at 168. If lesser accuracy is 
25 acceptable, the r th calculated with one pass as described above may be 

sufficient; however, the process can iterate at 168 where in a new r th can be 
calculated at 160 and the VcR_b is then calculated at 162 and new fit parameters 
are obtained and used to generate a new r t h at 166. Iteration at 168 can 
terminate based on, for example, a predetermined number of iterations or a 
30 change in the fit parameters or the resulting r t h being less than a predetermined 
threshold (a predetermined level of convergence). Once the iteration process is 
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complete at 168, the thermal resistance (r th ) for the given thin film resistor type is 
determined and can be used at 170 to obtain a model that contemplates self- 
heating. 

Although the above model example employs voltage or current 
5 coefficients to ascertain the thermal resistance, alternative methods may be 
employed in accordance with the present invention. For example, a metal line 
may be formed across each resistor, and then temperature coefficients of the 
metal lines are determined, and in that way each metal line acts as a 
thermometer. Then one can force a defined power through each resistor and the 
10 temperature increase is measured and the thermal resistance is calculated by 
dividing the measured temperature increase by the power. 

Returning to Fig. 3, a thin film resistor model is generated at 180 using the 
data from data sets (e.g., 1, 2 or 3, or a combination thereof). That is, a model is 
generated that. takes into account the resistor geometry, its temperature 
15 coefficient and its thermal resistance (r t h). In one example, the resultant thin film 
resistor model is: 

Rt = R sh L/(W - dW)(1 + TcR_b[T + IVr th - T 0 ]) + 
2R h /(W - dW)(1 + TcrjiP" + IVr th - T 0 ]), (equation (25) 

20 

wherein the first term is associated with the body, and the second term is 

associated with the heads, and both terms account for self-heating with the 

thermal resistor term (rth) obtained as discussed above. 

Note that in the discussion above, R is always the large scale resistance 
25 (V/l) and not the small scale resistance (dV/dl). In addition, it should be noted 

that the modeling of the present invention also holds for conditions in which a 

heat sink resides over the thin film resistor. 

Although the invention has been illustrated and described with respect to 

one or more implementations, alterations and/or modifications may be made to 
3p the illustrated examples without departing from the spirit and scope of the 

appended claims. In particular regard to the various functions performed by the 
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above described components or structures (assemblies, devices, circuits, 
systems, etc.), the terms (including a reference to a "means") used to describe 
such components are intended to correspond, unless otherwise indicated, to any 
component or structure which performs the specified function of the described 
component (e.g., that is functionally equivalent), even though not structurally 
equivalent to the disclosed structure which performs the function in the herein 
illustrated exemplary implementations of the invention. In addition, while a 
particular feature of the invention may have been disclosed with respect to only 
one of several implementations, such feature may be combined with one or more 
other features of the other implementations as may be desired and 
advantageous for any given or particular application. Furthermore, to the extent 
that the terms "including", "includes", "having", "has", "with", or variants thereof 
are used in either the detailed description and the claims, such terms are 
intended to be inclusive in a manner similar to the term "comprising". 
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